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(54) ELECTRICAL CIRCUIT CIRCUIT-BREAKING DEVICE

(57) An electric circuit breaker device includes: an
igniter provided to a housing; a projectile disposed in an
accommodating space, the accommodating space being
formed in the housing and extending in one direction, the
projectile being to be projected along the accommodating
space by energy received from the igniter; a conductor
piece that is provided to the housing, forms a portion of
an electric circuit, includes in a portion thereof a cutoff
portion to be cut off by the projectile that moves by the
energy received from the igniter, and is disposed with
the cutoff portion crossing the accommodating space; a
coolant material disposed in an arc-extinguishing region,
the arc-extinguishing region being positioned within the
accommodating space, on a side opposite to the projec-
tile prior to actuation of the igniter with the cutoff portion
interposed between the arc-extinguishing region and the
projectile, and configured to receive the cutoff portion cut
off by the projectile; and a modified resin material that is
disposed in the accommodating space and that is to be
modified by heat associated with actuation of the igniter.
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Description

Technical Field

[0001] The present invention relates to an electric circuit breaker device.

Background Art

[0002] An electric circuit may be provided with a breaker device configured to be actuated when an abnormality occurs
in a device constituting the electric circuit or when an abnormality occurs in a system in which the electric circuit is
mounted, thereby urgently interrupting the continuity of the electric circuit. Electric circuit breaker devices have been
proposed in which, according to one aspect thereof, a projectile is moved at high speed by energy applied from an igniter
or the like to forcibly and physically cut a conductor piece that forms a portion of an electric circuit (refer to Patent
Documents 1 and 2 and the like, for example). Further, in recent years, electric circuit breaker devices applied to electric
vehicles equipped with a high-voltage power source are becoming increasingly important.

Citation List

Patent Literature

[0003]

Patent Document 1: WO 2020/093079

Patent Document 2: US 8,957,335

Summary of Invention

Technical Problem

[0004] In an electric circuit breaker device, failing to appropriately extinguish arc discharge during actuation may cause
damage to a device to which the electric circuit breaker device is connected. Therefore, a technique for effectively
extinguishing an arc is desired. Further, it is desirable to ensure a sufficient insulation resistance value after cutting.
[0005] The technique of the present disclosure has been made in view of the circumstances described above, and an
object thereof is to provide an electric circuit breaker device that can quickly extinguish an arc during actuation and
prevents reduction in an insulation resistance value.

Solution to Problem

[0006] To solve the problems described above, an electric circuit breaker device of the present disclosure includes:
an igniter provided to a housing; a projectile disposed in an accommodating space, the accommodating space being
formed in the housing and extending in one direction, the projectile being to be projected along the accommodating
space by energy received from the igniter; a conductor piece that is provided to the housing, forms a portion of an electric
circuit, includes in a portion thereof a cutoff portion to be cut off by the projectile that moves by the energy received from
the igniter, and is disposed with the cutoff portion crossing the accommodating space; a coolant material disposed in
an arc-extinguishing region, the arc-extinguishing region being positioned within the accommodating space, on a side
opposite to the projectile prior to actuation of the igniter with the cutoff portion interposed between the arc-extinguishing
region and the projectile, and configured to receive the cutoff portion cut off by the projectile; and a modified resin material
that is disposed in the accommodating space and that is to be modified by heat associated with actuation of the igniter.
[0007] In the electric circuit breaker device, the modified resin material may be disposed between the cutoff portion
and the coolant material.
[0008] In the electric circuit breaker device, the projectile may include a piston portion configured to receive energy
from actuation of the igniter and move along the accommodating space, and the modified resin material may be disposed
on the arc-extinguishing region side of the piston portion prior to actuation of the igniter.
[0009] In the electric circuit breaker device, the projectile may include a rod portion extending from a surface on the
arc-extinguishing region side of the piston portion to a side of the cutoff portion of the conductor piece, and the modified
resin material may be disposed between the piston portion and the cutoff portion, and between an inner wall of the
housing forming the accommodating space and the rod prior to actuation of the igniter.
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[0010] In the electric circuit breaker device, the modified resin material may be formed in a ring shape or an arc shape
along an inner wall surface of the housing.
[0011] In the electric circuit breaker device, the coolant material may be formed from metal fibers, and the modified
resin material may be impregnated between the metal fibers forming the coolant material.
[0012] In the electric circuit breaker device, the modified resin material may be a synthetic resin including silicone.

Advantageous Effects of Invention

[0013] According to the present disclosure, it is possible to provide an electric circuit breaker device that can effectively
extinguish an arc generated during actuation and prevents reduction in an insulation resistance value.

Brief Description of Drawings

[0014]

FIG. 1 is a view illustrating an internal structure of an electric circuit breaker device (hereinafter simply referred to
as the "breaker device") according to an embodiment.
FIG. 2 is a top view of a conductor piece according to the embodiment.
FIG. 3 is a view illustrating actuation situations of the breaker device according to the embodiment.
FIG. 4 is a view illustrating an internal structure of a breaker device according to a modification 1.
FIG. 5 is a view illustrating an internal structure of a breaker device according to a modification 2.
FIG. 6 is a view illustrating an internal structure of a breaker device according to a modification 3.
FIG. 7 is an explanatory view of a coolant material and a modified resin material according to the modification 3.
FIG. 8 is a view schematically illustrating a testing device used in an electric circuit interruption test.
FIG. 9 is a view illustrating an internal structure of a breaker device according to a second embodiment.
FIG. 10 is a view illustrating a state after actuation of the breaker device according to the second embodiment.

Description of Embodiments

First Embodiment

[0015] An electric circuit breaker device according to an embodiment of the present disclosure will be described below
with reference to the drawings. Note that the configurations, combinations thereof, and the like in the embodiment are
examples, and various additions, omissions, substitutions, and other changes may be made as appropriate without
departing from the spirit of the present disclosure. The present disclosure is not limited by the embodiments and is limited
only by the claims.

Configuration

[0016] FIG. 1 is a view illustrating an internal structure of an electric circuit breaker device (hereinafter simply referred
to as the "breaker device") 1 according to an embodiment. The breaker device 1 is a device configured to interrupt an
electric circuit included in a vehicle, an electric home appliance, a photovoltaic system, or the like when an abnormality
occurs in the electric circuit or in a system including a lithium battery (lithium ion battery, for example) of the electric
circuit, thereby preventing great damage. In the present specification, a cross section in the height direction illustrated
in FIG. 1 (direction in which an accommodating space 13 described later extends) is referred to as a vertical cross section
of the breaker device 1, and a cross section in a direction orthogonal to the height direction is referred to as a transverse
cross section of the breaker device 1. FIG. 1 illustrates a state prior to actuation of the breaker device 1.
[0017] The breaker device 1 includes a housing 10 as an outer shell member, an igniter 20, a projectile 40, a conductor
piece 50, a coolant material 60, and a modified resin material 70. The housing 10 includes the accommodating space
13 that extends in a direction from a first end portion 11 on an upper end side to a second end portion 12 on a lower
end side. This accommodating space 13 is a space formed in a straight line, making the projectile 40 movable, and
extends along a vertical direction of the breaker device 1. As illustrated in FIG. 1, the accommodating space 13 formed
inside the housing 10 accommodates the projectile 40. However, in the present specification, the vertical direction of
the breaker device 1 merely indicates a relative positional relationship among the elements in the breaker device 1 for
convenience of description of the embodiment.
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Housing

[0018] The housing 10 includes a housing body 100, a top holder 110, and a bottom container 120. The housing body
100 is bonded to the top holder 110 and the bottom container 120, thereby forming the housing 10 that is integral.
[0019] The housing body 100 has, for example, a substantially prismatic outer shape. However, the shape of the
housing body 100 is not particularly limited. The housing body 100 includes a cavity portion formed therethrough along
the vertical direction. This cavity portion forms a portion of the accommodating space 13. Furthermore, the housing body
100 includes an upper surface 101 to which a flange portion 111 of the top holder 110 is fixed and a lower surface 102
to which a flange portion 121 of the bottom container 120 is fixed. In the present embodiment, an upper tubular wall 103
having a tubular shape is provided erected upward from the upper surface 101 on the outer circumferential side of the
upper surface 101 in the housing body 100. In the present embodiment, the upper tubular wall 103 has a rectangular
tubular shape, for example, but may have other shapes. On the outer circumferential side of the lower surface 102 in
the housing body 100, a lower tubular wall 104 having a tubular shape is provided suspended downward from the lower
surface 102. In the present embodiment, the lower tubular wall 104 has a rectangular tubular shape, for example, but
may have other shapes. The housing body 100 configured as described above can be formed from an insulating member
such as a synthetic resin, for example. For example, the housing body 100 may be formed from nylon, which is a type
of polyamide synthetic resin.

Top Holder

[0020] Next, the top holder 110 will be described. The top holder 110 is, for example, a cylindrical member having a
stepped cylindrical tubular shape with a hollow inside. The top holder 110 includes a small diameter cylinder portion 112
positioned on the upper side (first end portion 11 side), a large diameter cylinder portion 113 positioned on the lower
side, a connection portion 114 connecting these, and the flange portion 111 extending outward from a lower end of the
large diameter cylinder portion 113. For example, the small diameter cylinder portion 112 and the large diameter cylinder
portion 113 are coaxially disposed, and the large diameter cylinder portion 113 has a diameter slightly larger than that
of the small diameter cylinder portion 112.
[0021] The contour of the flange portion 111 in the top holder 110 has a substantially quadrangular shape that fits
inside the upper tubular wall 103 in the housing body 100. For example, the flange portion 111 may be integrally fastened
to the upper surface 101 in the housing body 100 using a screw or the like, or may be fixed thereto by a rivet or the like,
in a state of being disposed inside the upper tubular wall 103. Further, the top holder 110 may be bonded to the housing
body 100 in a state where a sealant is applied between the upper surface 101 of the housing body 100 and a lower
surface of the flange portion 111 in the top holder 110. This can increase airtightness of the accommodating space 13
formed in the housing 10. Further, instead of the sealant or in combination with the sealant, an O-ring may be interposed
between the upper surface 101 of the housing body 100 and the flange portion 111 of the top holder 110 to increase
the airtightness of the accommodating space 13.
[0022] The cavity portion formed inside the small diameter cylinder portion 112 in the top holder 110 functions as an
accommodating space for accommodating a portion of the igniter 20 as illustrated in FIG. 1. Further, the cavity portion
formed inside the large diameter cylinder portion 113 in the top holder 110 communicates with the cavity portion of the
housing body 100 positioned below, and forms a portion of the accommodating space 13. The top holder 110 configured
as described above can be formed from an appropriate metal member, such as stainless steel or aluminum, having
excellent strength and durability, for example. However, a material for forming the top holder 110 is not particularly
limited. Also, for the shape of the top holder 110, the above aspect is an example and other shapes may be adopted.

Bottom Container

[0023] Next, the bottom container 120 will be described. The bottom container 120 has a substantially tubular bottomed
shape with a hollow inside, and includes a side wall portion 122, a bottom wall portion 123 connected to a lower end of
the side wall portion 122, and a flange portion 121 connected to an upper end of the side wall portion 122. The side wall
portion 122 has, for example, a cylindrical tubular shape. The flange portion 121 extends outward from the upper end
of the side wall portion 122. The contour of the flange portion 121 in the bottom container 120 has a substantially
quadrangular shape that fits inside the lower tubular wall 104 in the housing body 100. For example, the flange portion
121 may be integrally fastened to the lower surface 102 in the housing body 100 using a screw or the like, or may be
fixed thereto by a rivet or the like, in a state of being disposed inside the lower tubular wall 104. Here, the bottom container
120 may be bonded to the housing body 100 in a state where the sealant is applied between the lower surface 102 of
the housing body 100 and an upper surface of the flange portion 121 in the bottom container 120. This can increase
airtightness of the accommodating space 13 formed in the housing 10. Further, instead of the sealant or in combination
with the sealant, an O-ring may be interposed between the lower surface 102 of the housing body 100 and the flange
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portion 121 of the bottom container 120 to increase the airtightness of the accommodating space 13.
[0024] Note that the above aspect regarding the shape of the bottom container 120 is an example, and other shapes
may be adopted. Further, the cavity portion formed inside the bottom container 120 communicates with the housing
body 100 positioned above, and forms a portion of the accommodating space 13. The bottom container 120 configured
as described above can be formed from an appropriate metal member, such as stainless steel or aluminum, having
excellent strength and durability, for example. However, a material for forming the bottom container 120 is not particularly
limited. Further, the bottom container 120 may have a multilayer structure. For example, in the bottom container 120,
an exterior portion facing the outside may be formed from an appropriate metal member, such as stainless steel or
aluminum, having excellent strength and durability, and an interior portion facing the accommodating space 13 may be
formed from an insulating member such as a synthetic resin. Of course, the entire bottom container 120 may be formed
from an insulating member.
[0025] As described above, the housing 10 in the embodiment includes the housing body 100, the top holder 110,
and the bottom container 120 that are integrally assembled, and the accommodating space 13 extending in the direction
from the first end portion 11 to the second end portion 12 is formed inside the housing 10. The accommodating space
13 accommodates the igniter 20, the projectile 40, a cutoff portion 53 in the conductor piece 50, the coolant material 60,
and the modified resin material 70 that are described below in detail.

Igniter

[0026] Next, the igniter 20 will be described. The igniter 20 is an electric igniter that includes an ignition portion 21
with an ignition charge, and an igniter body 22 including a pair of conduction pins (not illustrated) connected to the ignition
portion 21. The igniter body 22 is surrounded by an insulating resin, for example. Further, tip end sides of the pair of
conduction pins in the igniter body 22 are exposed to the outside, and are connected to a power source when the breaker
device 1 is used.
[0027] The igniter body 22 includes a body portion 221 having a substantially cylindrical shape and accommodated
inside the small diameter cylinder portion 112 in the top holder 110, and a connector portion 222 positioned on the body
portion 221. The igniter body 22 is fixed to the small diameter cylinder portion 112 by, for example, the body portion 221
being pressed to an inner circumferential surface of the small diameter cylinder portion 112. Further, a constricted portion
having an outer circumferential surface recessed as compared with other locations is annularly formed along a circum-
ferential direction of the body portion 221 at an axially intermediate portion of the body portion 221. An O-ring 223 is
fitted into this constricted portion. The O-ring 223 is formed from, for example, rubber (silicone rubber, for example) or
a synthetic resin, and functions to increase airtightness between the inner circumferential surface in the small diameter
cylinder portion 112 and the body portion 221.
[0028] The connector portion 222 in the igniter 20 is disposed protruding to the outside through an opening 112A
formed at an upper end of the small diameter cylinder portion 112. The connector portion 222 has, for example, a
cylindrical tubular shape covering a side of the conduction pin, allowing connection with a connector of a power source.
[0029] As illustrated in FIG. 1, the ignition portion 21 of the igniter 20 is disposed facing the accommodating space 13
(more specifically, the cavity portion formed inside the large diameter cylinder portion 113) of the housing 10. The ignition
portion 21 is configured as a form accommodating an ignition charge in an igniter cup, for example. For example, the
ignition charge is accommodated in the igniter cup in the ignition portion 21 in a state of being in contact with a bridge
wire (resistor) suspended coupling the base ends of the pair of conduction pins to each other. As the ignition charge,
for example, zirconium - potassium perchlorate (ZPP), zirconium - tungsten - potassium perchlorate (ZWPP), titanium
hydride - potassium perchlorate (THPP), lead tricinate, or the like may be adopted.
[0030] In actuation of the igniter 20, when an actuating current for igniting the ignition charge is supplied from the
power source to the conduction pins, the bridge wire in the ignition portion 21 generates heat, and as a result, the ignition
charge in the igniter cup is ignited and burns, generating a combustion gas. Then, the pressure in the igniter cup increases
along with the combustion of the ignition charge in the igniter cup of the ignition portion 21, a rupture surface 21A of the
igniter cup ruptures, and the combustion gas is discharged from the igniter cup into the accommodating space 13. More
specifically, the combustion gas from the igniter cup is discharged into a recess 411 in a piston portion 41 described
later of the projectile 40 disposed in the accommodating space 13.

Projectile

[0031] Next, the projectile 40 will be described. The projectile 40 is formed from an insulating member such as synthetic
resin, for example, and includes the piston portion 41 and a rod portion 42 connected to the piston portion 41. The piston
portion 41 has a substantially cylindrical shape and has an outer diameter substantially corresponding to an inner
diameter of the large diameter cylinder portion 113 in the top holder 110. For example, the diameter of the piston portion
41 may be slightly smaller than the inner diameter of the large diameter cylinder portion 113. The shape of the projectile
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40 can be changed as appropriate according to the shape of the housing 10 and the like.
[0032] Further, the recess 411 having a cylindrical shape, for example, is formed on an upper surface of the piston
portion 41. This recess 411 receives the ignition portion 21. A bottom surface of the recess 411 is formed as a pressure
receiving surface 411A that receives energy received from the igniter 20 during actuation of the igniter 20. Further, a
constricted portion having an outer circumferential surface recessed as compared with other locations is annularly formed
along a circumferential direction of the piston portion 41 at an axially intermediate portion of the piston portion 41. An
O-ring 43 is fitted into this constricted portion. The O-ring 43 is formed from, for example, rubber (silicone rubber, for
example) or a synthetic resin, and functions to increase airtightness between an inner circumferential surface in the
large diameter cylinder portion 113 and the piston portion 41.
[0033] The rod portion 42 of the projectile 40 is a rod-shaped member having an outer circumferential surface smaller
in diameter than the piston portion 41, for example, is integrally connected to a lower end side (arc-extinguishing region
side) of the piston portion 41, and extends to the side of the cutoff portion of the conductor piece. A lower end surface
of the rod portion 42 is formed as a cutoff surface 421 for cutting off the cutoff portion 53 from the conductor piece 50
during actuation of the breaker device 1. Note that although the rod portion 42 in the present embodiment has a sub-
stantially cylindrical tubular shape, the shape thereof is not particularly limited, and can be changed in accordance with
the shape and size of the cutoff portion 53 to be cut off from the conductor piece 50 during actuation of the breaker
device 1. The rod portion 42 may have a columnar shape such as a cylinder or a prism, for example. Note that, in an
initial position of the projectile 40 illustrated in FIG. 1, a region on a tip end side including the cutoff surface 421 in the
rod portion 42 of the projectile 40 is positioned in the cavity portion (forming a portion of the accommodating space 13)
of the housing body 100. The diameter of the rod portion 42 is slightly smaller than the inner diameter of an inner
circumferential surface of the housing body 100, for example, and the outer circumferential surface of the rod portion
42 is guided along the inner circumferential surface when the projectile 40 is projected.
[0034] As described in detail later, the projectile 40 configured as described above is projected from the initial position
illustrated in FIG. 1 when the upper surface of the piston portion 41 including the pressure receiving surface 411Areceives
the energy from the igniter 20 during actuation of the igniter 20, and moves at high speed toward the second end portion
12 side (downward) along the accommodating space 13. Specifically, as illustrated in FIG. 1, the piston portion 41 of
the projectile 40 is accommodated inside the large diameter cylinder portion 113 in the top holder 110, and is slidable
in the axial direction along an inner wall surface of the large diameter cylinder portion 113. In the present embodiment,
the piston portion 41 of the projectile 40 has a substantially cylindrical shape, but the shape thereof is not particularly
limited. As the outer shape of the piston portion 41, an appropriate shape and size can be adopted in accordance with
the shape and size of the inner wall surface of the large diameter cylinder portion 113.

Conductor Piece

[0035] Next, the conductor piece 50 will be described. FIG. 2 is a top view of the conductor piece 50 according to the
embodiment. The conductor piece 50 is a metal body having conductivity that constitutes a portion of the components
of the breaker device 1 and, when the breaker device 1 is attached to a predetermined electric circuit, forms a portion
of the electric circuit, and may be referred to as a bus bar. The conductor piece 50 can be formed from a metal such as
copper (Cu), for example. However, the conductor piece 50 may be formed from a metal other than copper, or may be
formed from an alloy of copper and another metal. Note that examples of metals other than copper included in the
conductor piece 50 include manganese (Mn), nickel (Ni), and platinum (Pt).
[0036] In one aspect illustrated in FIG. 2, the conductor piece 50 is formed as an elongated flat plate piece as a whole,
and includes a first connecting end portion 51 and a second connecting end portion 52 on both end sides, and the cutoff
portion 53 positioned in an intermediate portion therebetween. Connection holes 51A, 52A are provided in the first
connecting end portion 51 and the second connecting end portion 52 of the conductor piece 50, respectively. These
connection holes 51A, 52A are used to connect with other conductors (lead wires, for example) in the electric circuit.
Note that in FIG. 1, the connection holes 51A and 52A in the conductor piece 50 are not illustrated. The cutoff portion
53 of the conductor piece 50 is a portion forcibly and physically cut by the rod portion 42 of the projectile 40 and is cut
off from the first connecting end portion 51 and the second connecting end portion 52 when an abnormality such as
excessive current occurs in the electric circuit to which the breaker device 1 is applied. Notches (slits) 54 are formed at
both ends of the cutoff portion 53 of the conductor piece 50, making it easy to cut and cut off the cutoff portion 53.
[0037] Here, various forms of the conductor piece 50 can be adopted, and a shape thereof is not particularly limited.
While, in the example illustrated in FIG. 2, surfaces of the first connecting end portion 51, the second connecting end
portion 52, and the cutoff portion 53 form the same surface, the form is not limited thereto. For example, the conductor
piece 50 may be connected such that the cutoff portion 53 is orthogonal to or inclined relative to the first connecting end
portion 51 and the second connecting end portion 52. Further, the planar shape of the cutoff portion 53 of the conductor
piece 50 is not particularly limited, either. Of course, the shapes of the first connecting end portion 51 and the second
connecting end portion 52 of the conductor piece 50 are not particularly limited, either. Further, the notches 54 in the
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conductor piece 50 can be omitted as appropriate.
[0038] Here, a pair of conductor piece holding holes 105A and 105B are formed in the housing body 100 according
to the embodiment. The pair of conductor piece holding holes 105A and 105B extend in a transverse cross-sectional
direction orthogonal to the vertical direction (axial direction) of the housing body 100. More specifically, the pair of
conductor piece holding holes 105A and 105B extend in a straight line with the cavity portion (accommodating space
13) of the housing body 100 interposed therebetween. The conductor piece 50 configured as described above is held
in the housing body 100 in a state of being inserted through the pair of conductor piece holding holes 105A and 105B
formed in the housing body 100. In the example illustrated in FIG. 1, the first connecting end portion 51 of the conductor
piece 50 is held in a state of being inserted through the conductor piece holding hole 105A, and the second connecting
end portion 52 is held in a state of being inserted through the conductor piece holding hole 105B. In this state, the cutoff
portion 53 of the conductor piece 50 is positioned in the cavity portion (accommodating space 13) of the housing body
100. As described above, the conductor piece 50 attached to the housing body 100 is held orthogonally to the extending
direction (axial direction) of the accommodating space 13 with the cutoff portion 53 crossing the accommodating space
13. Note that reference sign L1 illustrated in FIG. 2 denotes an outer circumferential position of the rod portion 42
positioned above the conductor piece 50 in a state of being attached to the housing body 100 of the breaker device 1.
In the present embodiment, the conductor piece 50 is installed with the outer circumferential position L1 of the rod portion
42 substantially overlapping the positions of the notches 54 positioned at both ends of the cutoff portion 53. In the present
embodiment, for example, since a transverse cross-sectional area of the accommodating space 13 is larger than a
transverse cross-sectional area of the cutoff portion 53, a gap is formed on the side of the cutoff portion 53.

Coolant Material

[0039] Next, the coolant material 60 disposed in the accommodating space 13 in the housing 10 will be described.
Here, as illustrated in FIG. 1, prior to actuation of the breaker device 1 (igniter 20), the cutoff portion 53 of the conductor
piece 50 in a state of being held in the pair of conductor piece holding holes 105A and 105B in the housing body 100 is
horizontally laid crossing the accommodating space 13 of the housing 10. Hereinafter, within the accommodating space
13 of the housing 10 separated by the cutoff portion 53 of the conductor piece 50, a region (space) in which the projectile
40 is disposed is referred to as a "projectile initial arrangement region R1", and a region (space) positioned on the
opposite side of the projectile 40 is referred to as an "arc-extinguishing region R2". Note that as described above, since
the gap is formed on the side of the cutoff portion 53 disposed crossing the accommodating space 13, the projectile
initial arrangement region R1 and the arc-extinguishing region R2 are not completely isolated from each other by the
cutoff portion 53, but communicate with each other. Of course, depending on the shape and size of the cutoff portion
53, the projectile initial arrangement region R1 and the arc-extinguishing region R2 may be completely isolated from
each other by the cutoff portion 53.
[0040] The arc-extinguishing region R2 of the accommodating space 13 is a region (space) for receiving the cutoff
portion 53 cut off by the rod portion 42 of the projectile 40 projected during actuation of the breaker device 1 (igniter 20).
In this arc-extinguishing region R2, the coolant material 60 as an arc-extinguishing material is disposed. The coolant
material 60 is a coolant material for removing thermal energy of the arc generated and the cutoff portion 53 when the
projectile 40 cuts off the cutoff portion 53 of the conductor piece 50, and cools the arc and the cutoff portion 53, thereby
suppressing arc generation during cutting off of a current or thereby extinguishing (eliminating) the generated arc.
[0041] The arc-extinguishing region R2 of the breaker device 1 has significance as a space for receiving the cutoff
portion 53 cut off from the first connecting end portion 51 and the second connecting end portion 52 of the conductor
piece 50 by the projectile 40 and, at the same time, as a space for effectively extinguishing the arc generated when the
projectile 40 cuts off the cutoff portion 53. Then, in order to effectively extinguish the arc generated when the cutoff
portion 53 is cut off from the conductor piece 50, the coolant material 60 is disposed as an arc-extinguishing material in
the arc-extinguishing region R2.
[0042] As one aspect of the embodiment, the coolant material 60 is solid. As one aspect of the embodiment, the
coolant material 60 is formed from a shape retaining body. The shape retaining body herein is, for example, a material
that can keep a constant shape when no external force is applied and can hold the integrity (does not come apart), even
if deformation can occur, when an external force is applied. For example, examples of the shape retaining body include
a fibrous body formed into a desired shape. In the present embodiment, the coolant material 60 is formed from a metal
fiber that is a shape retaining body. Here, examples of the metal fiber forming the coolant material 60 include an aspect
in which at least any one of steel wool or copper wool is included. However, the above aspects in the coolant material
60 are examples, and the coolant material 60 is not limited to the above aspects.
[0043] The coolant material 60 is formed into a substantially disk shape, for example, and is disposed at a bottom
portion of the bottom container 120.
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Modified Resin Material

[0044] Next, the modified resin material 70 will be described. The modified resin material 70 is disposed in the accom-
modating space 13 of the housing 10. The modified resin material 70 of the present embodiment is disposed in the arc-
extinguishing region R2. When the igniter 20 is actuated, the modified resin material is modified by the heat of the arc
generated and the cutoff portion 53 when the projectile 40 cuts off the cutoff portion 53 of the conductor piece 50. This
modification consumes thermal energy, thereby contributing to extinguishing (eliminating) of the arc. As described above,
similar to the coolant material 60, the modified resin material 70 functions as an arc-extinguishing material. Note that
the modified resin material 70 is modified mainly by the heat of the arc, but other than this, the modified resin material
70 is also affected by the heat generated when the cutoff portion 53 is cut off and the heat such as combustion heat of
the ignition charge. The heat received from ignition of the ignition charge to completion of arc-extinguishing is referred
to as heat associated with actuation of the igniter 20.
[0045] The modified resin material 70 of the present embodiment is a synthetic resin including silicone. Note that the
modified resin material is not limited to silicone, and may be a material using another resin such as polyurethane,
polyethylene, polypropylene, polyamide, or nitrile rubber. The modified resin material 70 is only required to be a material
at least a portion of which is modified by heat, and may be made of a composite material including glass, a ceramic
filler, or the like.
[0046] The modified resin material 70 is formed in a ring shape or an arc shape, and is provided along an inner wall
of the side wall portion 122 from an upper surface of the coolant material 60 to an upper end of the bottom container
120. The modified resin material 70 is not limited to a solid member formed in a predetermined shape, and may be a
gel-like material or a highly viscous liquid material applied to a wall surface in the accommodating space 13 to be used
as in FIG. 1. Further, the modified resin material 70 may be fixedly provided on the wall surface by applying a synthetic
resin melted with an organic solvent such as toluene to the wall surface in the accommodating space 13 and then
volatilizing the organic solvent.

Operation

[0047] Next, operation content when the breaker device 1 is actuated to interrupt the electric circuit will be described.
As described above, FIG. 1 illustrates a state of the breaker device 1 prior to actuation (hereinafter also referred to as
the "pre-actuation initial state"). In this pre-actuation initial state, in the projectile 40 in the breaker device 1, the piston
portion 41 is positioned on the first end portion 11 side (upper end side) in the accommodating space 13, and the cutoff
surface 421 formed at the lower end of the rod portion 42 is set at an initial position positioned on the upper surface of
the cutoff portion 53 in the conductor piece 50.
[0048] Furthermore, the breaker device 1 according to the embodiment further includes an abnormality detection
sensor (not illustrated) configured to detect an abnormal state of a device (such as a vehicle, a power generation facility,
or a power storage facility) to which an electric circuit to be cut off is connected, and a control unit (not illustrated)
configured to control the actuation of the igniter 20. In addition to the current flowing through the conductor piece 50,
the abnormality detection sensor may be capable of detecting an abnormal state on the basis of a voltage or a temperature
of the conductor piece 50. Further, the abnormality detection sensor may be, for example, an impact sensor, a temperature
sensor, an acceleration sensor, a vibration sensor, or the like, and may detect an abnormal state such as an accident
or fire on the basis of an impact, a temperature, acceleration, or vibration in a device such as a vehicle. The control unit
of the breaker device 1 is a computer capable of performing a predetermined function by executing a predetermined
control program, for example. The predetermined function of the control unit may be realized by corresponding hardware.
Then, when excessive current flows through the conductor piece 50 forming a portion of the electric circuit to which the
breaker device 1 is applied, the abnormal current is detected by the abnormality detection sensor. Abnormality information
regarding the detected abnormal current is passed from the abnormality detection sensor to the control unit. For example,
the control unit is energized from an external power source (not illustrated) connected to the conduction pin of the igniter
20 and actuates the igniter 20 based on the current value detected by the abnormality detection sensor. Here, the
abnormal current may be a current value that exceeds a predetermined threshold value set for protection of a predeter-
mined electric circuit. Note that the abnormality detection sensor and the control unit described above need not be
included in the components of the breaker device 1, and may be included in a device separate from the breaker device
1, for example. Further, the abnormality detection sensor and the control unit are not essential components of the breaker
device 1.
[0049] For example, when an abnormal current of the electric circuit is detected by an abnormality detection sensor
that detects an abnormal current of the electric circuit, the control unit of the breaker device 1 actuates the igniter 20.
That is, an actuating current is supplied from the external power source (not illustrated) to the conduction pin of the
igniter 20, and as a result, the ignition charge in the ignition portion 21 is ignited and burns, generating a combustion
gas. Then, the rupture surface 21A ruptures due to rise in pressure in the ignition portion 21, and the combustion gas



EP 4 276 875 A1

9

5

10

15

20

25

30

35

40

45

50

55

of the ignition charge is discharged from the inside of the ignition portion 21 into the accommodating space 13.
[0050] Here, the ignition portion 21 of the igniter 20 is received in the recess 411 of the piston portion 41, and the
rupture surface 21A of the ignition portion 21 is disposed facing the pressure receiving surface 411A of the recess 411
in the projectile 40. Therefore, the combustion gas from the ignition portion 21 is discharged to the recess 411, and the
pressure (combustion energy) of the combustion gas is transmitted to the upper surface of the piston portion 41 including
the pressure receiving surface 411A. As a result, the projectile 40 moves downward in the accommodating space 13 in
the extending direction (axial direction) of the accommodating space 13.
[0051] FIG. 3 is a view illustrating actuation situations of the breaker device 1 according to the embodiment. The upper
half of FIG. 3 illustrates a situation in the middle of actuation of the breaker device 1, and the lower half of FIG. 3 illustrates
a situation in which the actuation of the breaker device 1 is completed. As described above, upon actuation of the igniter
20, the projectile 40 having received the pressure (combustion energy) of the combustion gas of the ignition charge is
vigorously pushed downward. As a result, the cutoff surface 421 formed on the lower end side of the rod portion 42
pressingly cuts, by shearing, the boundary portions between the first connecting end portion 51 and the cutoff portion
53 and between the second connecting end portion 52 and the cutoff portion 53 in the conductor piece 50. As a result,
the cutoff portion 53 is cut off from the conductor piece 50. Note that as long as the projectile 40 can be moved smoothly
in the extending direction (axial direction) of the accommodating space 13 when the igniter 20 is actuated, the shape
and the dimensions of the projectile 40 can be freely determined, and the outer diameter of the piston portion 41 of the
projectile 40 may be set to a dimension equal to the inner diameter of the large diameter cylinder portion 113 in the top
holder 110, for example.
[0052] Then, as illustrated in the lower half of FIG. 3, the projectile 40 moves downward in the extending direction
(axial direction) of the accommodating space 13 by a predetermined stroke until the lower end surface of the piston
portion 41 abuts (collides with) the upper surface 101 of the housing body 100. Then, in this state, the cutoff portion 53,
which has been cut off from the conductor piece 50 by the rod portion 42 of the projectile 40, is received in the arc-
extinguishing region R2 where the coolant material 60 and the modified resin material 70 are disposed. As a result, the
first connecting end portion 51 and the second connecting end portion 52 positioned on both ends of the conductor piece
50 are electrically disconnected, and the predetermined electric circuit to which the breaker device 1 is applied is forcibly
interrupted.
[0053] In the breaker device 1 of the embodiment, the coolant material 60 is disposed in the arc-extinguishing region
R2. Therefore, the cutoff portion 53 after being cut off that has been received in the arc-extinguishing region R2 can be
rapidly cooled by the coolant material 60. Thus, when the cutoff portion 53 is cut off from the conductor piece 50
constituting a portion of the predetermined electric circuit by the projectile 40, even in a case where an arc is generated
at the cut surface of the cutoff portion 53 of the conductor piece 50, the generated arc can be quickly and effectively
extinguished.
[0054] Furthermore, in the breaker device 1, the modified resin material 70 as an arc-extinguishing material is disposed
between the coolant material 60 and the cutoff portion 53 in the arc-extinguishing region R2. Thus, immediately after
the rod portion 42 cuts off the cutoff portion 53 from the conductor piece 50, that is, when an arc is generated by the
cutting off, the modified resin material 70 is modified by the heat of this arc, and this modification consumes the heat of
the arc, whereby the arc can be quickly and effectively extinguished. The modified resin material 70 is made of a material
that is easily modified, such as being decomposed or volatilized, by heat as compared with other resin materials such
as the housing 10 and the projectile 40, and this modification can effectively consume the heat of the arc. Further, in
the modified resin material 70 of the present embodiment, a component such as silica generated by thermal decomposition
exhibits a high resistance value, and as this component scatters, the modified resin material 70 contributes to improving
the insulation property after cutting.
[0055] As described above, according to the breaker device 1 of the present embodiment, the cutoff portion 53 is
cooled by the coolant material 60 and the modified resin material 70, and arc generation can be effectively suppressed.
As a result, it is possible to quickly interrupt the electric circuit to which the breaker device 1 is applied in a case where
an abnormality is detected in the electric circuit, or the like. That is, by effectively suppressing delay in extinguishing of
the arc generated when the electric circuit is interrupted, it is possible to suppress delay in interruption of the electric
circuit. Further, effectively cooling the heat of the arc by the coolant material 60 and the modified resin material 70 can
suppress evaporation of the conductor piece 50 that has been cut off, and achieve a sufficiently high insulation resistance
value after cutting. Furthermore, according to the breaker device 1, it is possible to suitably suppress the generation of
a large spark or flame or the generation of a loud impact sound when the electric circuit is interrupted. Further, damage
to the housing 10 and the like of the breaker device 1 caused by these can also be suppressed.

Modification 1

[0056] For the breaker device 1 according to the embodiment, various modifications can be adopted. For example,
the shape, position, range, and the like of the coolant material 60 disposed in the arc-extinguishing region R2 of the



EP 4 276 875 A1

10

5

10

15

20

25

30

35

40

45

50

55

accommodating space 13 can be changed as appropriate. For example, FIG. 4 is a view illustrating an internal structure
of a breaker device 1A according to a modification 1. The breaker device 1A of the present modification 1 has a config-
uration in which a modified resin material 71 is disposed in the projectile initial arrangement region R1 in addition to the
configuration of the breaker device 1 illustrated in FIG. 1. Note that since the other configurations are the same, the
description thereof will be omitted.
[0057] The modified resin material 71 is disposed between the piston portion 41 and the cutoff portion 53, and between
an inner wall of the top holder 110 and the rod portion 42 prior to actuation of the igniter 20. Thus, when the projectile
40 is projected upon actuation of the igniter 20, a portion of the modified resin material 71 on the rod portion 42 side
moves to the cutoff portion 53 side together with the rod portion 42 due to friction with the rod portion 42, and is further
crushed by the piston portion 41 and moves to the cutoff portion 53 side through a gap between the conductor piece 50
and the inner wall of the top holder 110 or the like. Then, when the rod portion 42 cuts off the cutoff portion 53 and an
arc is generated, the modified resin material 71 is modified by the heat of the arc, thereby removing the heat of the arc
to cool the arc. Accordingly, as illustrated in the upper half of FIG. 3, the cutoff portion 53 can be cooled by the modified
resin material 71 even at the moment when the cutoff portion 53 is cut off from the conductor piece 50 by the cutoff
surface 421 of the rod portion 42 and immediately thereafter, that is, in a transient state from the moment when the
cutoff portion 53 is cut off from the conductor piece 50 to when the cutoff portion 53 comes into contact with the coolant
material 60 disposed in the arc-extinguishing region R2. This makes it possible to suitably suppress the generation of
an arc at the cut surface of the cutoff portion 53 in the transient state at the moment when the cutoff portion 53 is cut off
from the conductor piece 50 and immediately thereafter.

Modification 2

[0058] FIG. 5 is a view illustrating an internal structure of a breaker device 1B according to a modification 2. The
breaker device 1B of the present modification 2 has a configuration in which the modified resin material 70 is removed
from the configuration of the breaker device 1A illustrated in FIG. 4. Note that since the other configurations are the
same, the description thereof will be omitted. Even with the configuration in which the modified resin material 70 is
removed as described above, since the modified resin material 71 cools the cutoff portion 53, arc generation can be
suppressed.

Modification 3

[0059] FIG. 6 is a view illustrating an internal structure of a breaker device 1C according to a modification 3. FIG. 7 is
an explanatory view of a coolant material 61 and a modified resin material 74 according to the modification 3. The breaker
device 1C of the present modification 3 has a configuration in which the modified resin material in the arc-extinguishing
region R2 is impregnated in the coolant material 61 as compared with the configuration of the breaker device 1A illustrated
in FIG. 4. Note that since the other configurations are the same, the description thereof will be omitted.
[0060] In the present modification 3, the coolant material 61 provided in the arc-extinguishing region R2 is formed in
a bowl shape along an inner wall of the bottom container 120 using a metal fiber such as steel wool. The upper half of
FIG. 7 schematically illustrates a cross section of the coolant material 61 formed from a metal fiber. Then, using a
modified resin material that is liquid in an initial state and is solidified upon reaction with air, heat, ultraviolet rays, or the
like, the modified resin material in a liquid state is impregnated in a circumferential wall 61W of the coolant material 61
and is then solidified, thereby forming the modified resin material 74 in the circumferential wall 61W portion of the coolant
material 61 as illustrated in the lower half of FIG. 7. Even with the configuration in which the modified resin material 74
is provided impregnated in the coolant material 61 as described above, the cutoff portion 53 after being cut off is cooled
by the modified resin material 74, whereby the arc can be quickly and effectively extinguished. Note that solidification
of the modified resin material 74 is not essential as long as the modified resin material has viscosity even in a liquid
state, for example, and is held at a predetermined position in a state of being impregnated in the coolant material 61.

Electric Circuit Interruption Test

[0061] Next, an electric circuit interruption test performed on the breaker devices 1 and 1A will be described. FIG. 8
is a view schematically illustrating a testing device used in the electric circuit interruption test. Reference sign 1000
denotes a power source, reference sign 2000 denotes an insulation resistance meter, and reference sign 3000 denotes
an actuation power source. Further, reference sign 4000 denotes wiring for forming an electric circuit EC in cooperation
with the conductor piece 50 of the breaker device 1. Further, reference sign 5000 denotes wiring for causing an actuation
current supplied from the actuation power source 3000 to flow to the conduction pin of the igniter 20 of the breaker device 1.
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[0062] Table 1 shows a list of conditions and results of the electric circuit interruption test. The test sample Nos. 1 and
2 in the table were tested for the breaker device 1 not including the modified resin material 71 in the projectile initial
arrangement region R1 as illustrated in FIG. 1. On the other hand, the test sample Nos. 3 and 4 were tested for the
breaker device 1A provided with the modified resin material 71 in the projectile initial arrangement region R1 as illustrated
in FIG. 4.
[0063] Next, the steps of the electric circuit interruption test will be described.

(Step 1) As illustrated in FIG. 8, the first connecting end portion 51 and the second connecting end portion 52 of the
conductor piece 50 of the breaker device 1 are respectively connected to the power source 1000 by the wiring 4000,
and the igniter 20 of the breaker device 1 is connected to the actuation power source 3000 by the wiring 5000.
(Step 2) The current from the power source 1000 is caused to flow to the electric circuit EC.
(Step 3) The actuation power source 3000 is turned on and the actuation current is applied to the igniter 20 of the
breaker device 1, thereby actuating the igniter 20.
(Step 4) The power source 1000 and the actuation power source 3000 are turned off.

[0064] In the present interruption test, each test sample was tested according to the above steps, and an insulation
resistance value between the first connecting end portion 51 and the second connecting end portion 52 when the cutoff
portion 53 was cut off from the conductor piece 50 by the projectile 40 was measured by a commercially available
insulation resistance meter 2000 (MY40 manufactured by Yokogawa Electric Corporation). Note that as conditions
common to all the tests, the value of the current flowing through the electric circuit EC by the power source 1000 was
set to 12 [kA], and a potential difference generated between the first connecting end portion 51 and the second connecting
end portion 52 of the conductor piece 50 after the cutoff portion 53 was cut off in each interruption test was set to 900 [V].
[0065] As is clear from Table 1, both the breaker devices 1 and 1A including the modified resin material 70 had a
result in which the insulation resistance value between the first connecting end portion 51 and the cutoff portion 53
became sufficiently high. Further, as compared with the test sample Nos. 1 and 2, in which the test was performed
without the modified resin material 71 being disposed in the projectile initial arrangement region R1, the test sample
Nos. 3 and 4, in which the modified resin material 71 was disposed in the projectile initial arrangement region R1, resulted
in even higher insulation resistance values between the first connecting end portion 51 and the cutoff portion 53.

Second Embodiment

[0066] FIG. 9 is a view illustrating an internal structure of a breaker device 1D according to a second embodiment.
The breaker device 1D is a device configured to interrupt an electric circuit included in a vehicle, an electric home
appliance, a photovoltaic system, or the like when an abnormality occurs in the electric circuit or in a system including
a lithium battery (lithium ion battery, for example) of the electric circuit, thereby preventing great damage. In the present
specification, a cross section in the height direction illustrated in FIG. 9 (direction in which the accommodating space
13 described later extends) is referred to as a vertical cross section of the breaker device 1, and a cross section in a
direction orthogonal to the vertical cross section is referred to as a transverse cross section of the breaker device 1D.
FIG. 9 illustrates a state prior to actuation of the breaker device 1D. FIG. 10 is a view illustrating a state after actuation
of the breaker device 1D according to the present embodiment.
[0067] The breaker device 1D includes a housing 600 as an outer shell member, an actuator 630, fixed contact points
651 and 652, a movable contact point 653, and a modified resin material 670. The housing 600 is substantially a
rectangular parallelepiped, is divided into an upper housing 610 and a lower housing. The housing 600 includes a partition
plate portion 611 between the upper housing 610 and the lower housing.
[0068] The actuator 630 is provided in a lower housing 620. The actuator 630 includes a movable shaft 631 and a
drive coil 632 that vertically drives the movable shaft 631. The movable shaft 631 is provided extending through the

Table 1]

Sample No.
Test 

conditions
Thickness of modified resin 

material 70
Presence or absence of 

modified resin material 71 Resistance value

1 900 V 4 mm Absent 34 MΩ

2 12 kA Absent 37 MS2

3
12 mH

Present 550 MΩ  or more

4 Present 550 MΩ  or more
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partition plate portion 611, and a tip end thereof is positioned in an internal space 613 in the upper housing 610. The
movable contact point 653 is provided at an upper end of the movable shaft 631. The movable contact point 653 is
vertically driven by the actuator 630 together with the movable shaft 631.
[0069] One end of each of the fixed contact points 651 and 652 is provided in the upper housing 610, and the other
end of each of the fixed contact points 651 and 652 is disposed outside the upper housing 610 and connected to another
electric circuit. The breaker device 1D is normally in a state where the movable contact point 653 connects the fixed
contact points 651 and 652 to each other as illustrated in FIG. 9. When the actuator 630 receives a cutting signal at the
time of abnormality of an external system, the movable shaft 631 is lowered to separate the movable contact point 653
from the fixed contact points 651 and 652, thereby interrupting the electric circuit connected to the fixed contact points
651 and 652.
[0070] The modified resin material 670 is provided along a circumferential wall 612 in the upper housing 610. The
modified resin material 670 is formed in a ring shape surrounding the fixed contact points 651 and 652 and the movable
contact point 653.
[0071] When the movable contact point 653 is separated from the fixed contact points 651 and 652 by driving of the
actuator 630, an arc is generated between the fixed contact points 651 and 652 and the movable contact point 653. In
the present embodiment, since the modified resin material 670 is disposed surrounding the fixed contact points 651 and
652 and the movable contact point 653, the modified resin material 670 is modified by the heat of the arc, and this
modification removes thermal energy, thereby swiftly extinguishing (eliminating) the arc. As described above, the modified
resin material 670 functions as an arc-extinguishing material. Note that the composition and the like of the modified resin
material 670 are the same as those of the modified resin material 70 described earlier.
[0072] As described above, according to the present embodiment, when the electric circuit is interrupted, the arc
generated between the fixed contact points 651 and 652 and the movable contact point 653 is cooled by modification
of the modified resin material 670, whereby the arc can be quickly and effectively extinguished.
[0073] While the embodiment of the electric circuit breaker device according to the present disclosure has been
described above, each of the aspects disclosed in the present specification can be combined with any other feature
disclosed in the present specification.

Reference Signs List

[0074]

1 Breaker device
10 Housing
13 Accommodating space
20 Igniter
40 Projectile
50 Conductor piece
53 Cutoff portion
60 Coolant material
70 Modified resin material

Claims

1. An electric circuit breaker device comprising:

an igniter provided to a housing;
a projectile disposed in an accommodating space, the accommodating space being formed in the housing and
extending in one direction, the projectile being to be projected along the accommodating space by energy
received from the igniter;
a conductor piece that is provided to the housing, forms a portion of an electric circuit, includes in a portion
thereof a cutoff portion to be cut off by the projectile that moves by the energy received from the igniter, and is
disposed with the cutoff portion crossing the accommodating space;
a coolant material disposed in an arc-extinguishing region, the arc-extinguishing region being positioned within
the accommodating space, on a side opposite to the projectile prior to actuation of the igniter with the cutoff
portion interposed between the arc-extinguishing region and the projectile, and configured to receive the cutoff
portion cut off by the projectile; and
a modified resin material that is disposed in the accommodating space and that is to be modified by heat
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associated with actuation of the igniter.

2. The electric circuit breaker device according to claim 1, wherein the modified resin material is disposed between
the cutoff portion and the coolant material.

3. The electric circuit breaker device according to claim 1 or 2, wherein

the projectile includes a piston portion configured to receive energy from actuation of the igniter and move along
the accommodating space, and
the modified resin material is disposed on an arc-extinguishing region side of the piston portion prior to actuation
of the igniter.

4. The electric circuit breaker device according to claim 3, wherein

the projectile includes a rod portion extending from a surface on the arc-extinguishing region side of the piston
portion to a side of the cutoff portion of the conductor piece, and
the modified resin material is disposed between the piston portion and the cutoff portion, and between an inner
wall of the housing forming the accommodating space and the rod portion prior to actuation of the igniter.

5. The electric circuit breaker device according to any one of claims 1 to 4, wherein the modified resin material is
formed in a ring shape or an arc shape along an inner wall surface of the housing.

6. The electric circuit breaker device according to any one of claims 1 to 5, wherein

the coolant material is formed from metal fibers, and
the modified resin material is impregnated between the metal fibers forming the coolant material.

7. The electric circuit breaker device according to any one of claims 1 to 6, wherein the modified resin material is a
synthetic resin including silicone.
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